We present a detailed spectroscopic analysis of the recently discovered fast evolving Type I superluminous supernova (SLSN-I), SN 2019neq (at redshift z = 0.1059) comparing it to the well-studied slow evolving SLSN-I, SN 2010kd (z = 0.101). Our investigation concentrates on optical spectra taken during the photospheric phase. The observations of SN 2019neq were carried out with the 10m Hobby-Eberly Telescope (HET) Low Resolution Spectrograph-2 (LRS2) at McDonald Observatory. We apply the SYN++ code to model the spectra taken at -4 days, +5 days and +29 days from maximum light. We examine the chemical evolution and ejecta composition of the SLSN by identifying the elements and ionization states in its spectra. Our analysis confirms that SN 2019neq is a fast evolving SLSN-I. We derive the number density of each ionization state at the epoch of the three observations. Finally, we give constraints on the lower limit of the ejecta mass and find a hint for a possible relation between the evolution timescale and the ejected mass of SLSNe-I.
INTRODUCTION
A new class of supernovae, the so-called superluminous supernovae (SLSNe), was discovered and studied in the past two decades. At first, SLSNe were identified by their intrinsically high absolute magnitudes (≤-21 mag in all bands of the optical wavelengths; Gal-Yam 2012) . Subsequently, the increasing amount of observational data led to a new classification scheme based on the spectroscopic properties of these events (Inserra 2019) . Like classical supernova types, SLSNe are divided into two main groups: the hydrogen-rich Type II SLSNe (SLSNe-II), and the hydrogen-poor SLSNe-I classes (Branch & Wheeler 2017) . SLSNe-II are separated into the following subclasses: SLSNe-IIn, with a luminosity evolution powered by an interaction with a massive circumstellar medium (CSM) (e.g. SN 2006gy; Smith et al. (2007) , and normal SLSNe-II, ostensibly without interaction (e.g. SN 2013hx; Inserra et al. 2018 ). The former have spectroscopic properties sim-ilar to traditional Type IIn SNe (Branch & Wheeler 2017) . SLSNe-I have also been divided into two subgroups (Inserra et al. 2018) : the fast evolving SLSN-I have an average light curve rise time of ∼ 28 days (Fast SLSNe-I, e.g. SN 2015bn; Nicholl et al. 2016 Nicholl et al. , 2018 , and the slow evolving SLSNe-I with rise time of ∼ 52 days (Slow SLSNe-I e.g. SN 2011ke; Inserra et al. 2013; Quimby et al. 2018) . Inserra et al. (2018) found that Fast SLSNe-I also exhibit high expansion velocities (v 12000 km s −1 ) and large velocity gradients, contrary to Slow SLSNe-I that are characterized by slower expansion velocities (v 12000 km s −1 ) and negligible velocity gradients.
In this paper, we present a comparative spectroscopic study of the recently discovered (Perley et al. 2019) , and relatively close SN 2019neq (z = 0.1059), which belongs to the fast-evolving SLSNe-I (Thomas et al. 2020) , with the well-observed Slow SLSN-I, SN 2010kd (z = 0.101, Vinko et al. 2010; Kumar et al. 2020) . Our main goal is to explore the differences between the two groups of SLSNe-I apart from the dissimilarity in their light curve evolution timescale, and the differences in their velocity evolution (Inserra et al. 2018) . This is a crucial question, because the differences in the spectrum may imply different ejecta. In a companion paper Thomas et al. (2020) explores the rate of spectroscopic evolution and the velocity gradient of SN 2019neq, finding that SN 2019neq is a SLSN-I with high velocity gradient and fast spectroscopic evolution.
The slowly evolving SN 2010kd is a good comparison object to SN 2019neq in terms of chemical composition and spectral evolution, since the two SLSNe have similar redshifts. Recently Kumar et al. (2020) performed a detailed study of the photometric and spectroscopic properties of SN 2010kd.
The observations of the SLSNe that are examined herein, were carried out using the 10m Hobby-Eberly Telescope Low Resolution Spectrograph (LRS) and the Low Resolution Spectrograph-2 (LRS2) at McDonald Observatory. The description of these observations is elaborated in Kumar et al. (2020) for SN 2010kd, and in Thomas et al. (2020) for SN 2019neq. The basic data of these two SLSNe can be found in Table 1 .
In Section 2 we present detailed spectroscopic modeling of SN 2019neq with the code SYN++ (Thomas et al. 2011) . We use 3 spectra of the object taken at different epochs during the photospheric phase. We identify the chemical composition of the ejecta and reveal its spectroscopic evolution.
The early-phase spectra of SLSNe are dominated by the W-like feature around ∼ 4500Å that is widely accepted as being due to O II, although other suggestions also exist (e.g. Quimby et al. 2007 ). Quimby et al. (2018) presented an in-depth analysis of this region using SYN++ found evidence supporting the O II hypothesis, also favored by Mazzali et al. (2016) , for most of their sample SLSNe-I. We re-examine this issue here, in the case of SN 2019neq, because this SLSN showed relatively hot and fast-expanding ejecta during the early phases. Under such circumstances the presence/absence of ionization states and their associated features can be temperature constrained.
In Section 3, first, we discuss the classification of this object (Section 3.1), then infer the number densities of the identified elements for each detected ionization state (Section 3.2). In Section 3.3 we compare the spectral features and the spectroscopic evolution of SN 2010kd and SN 2019neq. We estimate the total mass ejected during the explosion in Section 3.4. Finally, in Section 4, we summarise our conclusions.
SPECTRUM MODELING
The spectra of SN 2019neq considered in this paper can be seen in Figure 1 . These spectra were corrected for redshift and interstellar extinction before plotting.
The phase of the observed spectra were computed relative to the epoch of maximum light as determined by Thomas et al. (2020) to be 2019-09-05 (MJD 58731), allowing for the time dilation due to redshift.
In Figure 2 , the first spectrum of SN 2019neq taken at phase -4d (4 days before maximum light) is compared to a spectrum of SN 2005ap taken at similar phase (-2d) (Quimby et al. 2007 ). The similarity of the two spectra is apparent, as was noted by (Perley et al. 2019) . Beyond the spectral similarity to the premaximum spectrum of SN 2005ap, the chemical composition of SN 2019neq, especially the lack of H and He features, provides significant evidence that shows that SN 2019neq is a SLSN-I near maximum light .
To model the available photospheric phase spectra, we used the SYN++ (Thomas et al. 2011 ) code, which is the revised and improved version of the FORTRAN code SYNOW (Fisher 1999; Hatano et al. 1999) .
In SYN++, there are some global parameters referring to the whole model spectrum, and local parameters to fit the lines of the individual elements. The global parameters are the following:
• a 0 : a constant multiplier to the whole model spectrum
• v phot : velocity at the photosphere • T phot : temperature at the photosphere The local parameters are:
• τ : optical depth for the reference line of each ion
• v min : the inner velocity of the line forming region
• v max : the outer velocity of the line forming region
• σ: scale height of the optical depth above the photosphere in km s −1 . This parameter is responsible for the width of the spectral features, that is roughly related to the width of the line-forming region in the atmosphere. Larger σ parameter implies a broader feature.
• T exc : excitation temperature of each element, assuming LTE. Different ions may have different T exc parameters, mimicking NLTE conditions.
It can be seen in Figure 1 that during the photospheric phase the spectra of SN 2019neq were dominated by a hot, blue continuum with strong, overlapping P Cygni features, even though the presence of emission lines due to NLTE effects cannot be ruled out. Since there is no single, unblended feature in these spectra, a spectrum synthesis code is necessary to determine the chemical composition of the ejecta reliably, even with the assumption of LTE (Branch & Wheeler 2017).
To examine the evolution of the temperature and photospheric velocity of SN 2019neq, and identify these firm P Cygni lines, we modelled the spectra taken at 3 epochs: -4, +5, and +29 rest-frame days relative to maximum light. The global parameters for the best-fit models are collected in Table 2 , while the list of the local parameters for each ion can be found in the tables in the Appendix.
The observed spectrum and its best-fit model for the first epoch (at phase -4d) can be seen in Figure 3 . The observed spectrum contains strong, narrow Hα λ6562.8 and forbidden [O III] λλλ4932, 4960, 5008 lines due to the host galaxy. The redshift of SN 2019neq was calculated by fitting a Gaussian profile to the narrow Hα feature, resulting in z = 0.105942 ± 0.000006, as presented in Table 1 . At this early phase, the photospheric temperature of the SYN++ model is 15000 K, while the expansion velocity also seems to be very high, 21000 km s −1 , compared to normal Type-Ia or core collapse SNe. This photospheric velocity value is similar to the frequently identified highvelocity component in the pre-maximum spectra of Type Ia SNe (e.g. Mulligan et al. 2019; Silverman et al. 2015) . Figure 2 .
Comparison of the premaximum spectra of SN 2019neq -4d (red) and SN 2005ap -2d (orange). The general similarity of the two spectra is apparent.
Our first model, plotted in Fig. 3 contains C II, C III, O III, Si III, Si IV, Co III, and Fe II lines (optical depths and other parameters are summarized in tables in the Appendix). In particular, the W-shaped feature appearing between 4000 and 5000Å, which appears somewhat weaker in SN 2019neq than in other SLSNe-I shown in Quimby et al. (2018) , can be fitted with the combination of C III, O III, Si III and Co III multiplets, similar to the results by Quimby et al. (2007) .
Alternatively, the spectrum can also be fitted by using O II and C II instead of O III and C III, as shown in the left panel in Fig. 4 . The comparison of these two models is plotted in the right panel, where an observed (yet unpublished) HET spectrum of PTF12dam (black line) taken at a similar rest-frame phase as our first SN 2019neq spectrum (red line) is also plotted, together with the two SYN++ models. The labels A, B, C, D and E mark the same features as in Quimby et al. (2018) (see their Fig.13 ). It is seen that the two simple SYN++ models can explain the appearance of these features almost equally well (at least both of them are consistent with the observed spectrum), and neither of them accounts for the pseudo-emission around ∼ 4700Å that is present in SN 2019neq and absent in PTF12dam.
Even though the "O II-model" provides a more elegant explanation for 4 out of 5 observed features with a single ion, the validity of the "O III-model" cannot be ruled out in the hot ejecta of SN 2019neq. According to Hatano et al. (1999) , the optical depths for O II and C II expected in an atmosphere having T ∼ 15000 K are the same as for O III and C III, thus, it is possible that doubly-ionized ions also play a role in forming the spectrum of SN 2019neq between 3500 and 4500Å .
The second spectrum of SN 2019neq was taken at +5d after maximum light. Figure 5 shows the best-fit SYN++ model to this spectrum, in which the photospheric tem-perature decreased to 12000 K, and the lines of C I also appeared. In the left panel of Fig. 5 , two alternative models can be seen, having the same local and global parameters but different photospheric velocities. The ambiguity of v phot is caused by the identification of the features around 5000Å thought to be due to Fe II. If we assigned the minimum of the observed feature (shown by the dashed vertical line in the inset of the left panel of Figure 5 ) to the Fe II λ5169 transition, which is a strong observed Fe II line in Type II SNe, then the photospheric velocity would be 16000 km s −1 . Accordingly, our first model for this spectrum was built with v phot = 16000 km s −1 (plotted with blue in the left panel of Figure 5) , then a second model was also developed using the criterion that the absorption minima of all identified features are fit optimally. It was found that such a model has v phot ∼ 21000 km s −1 , which is shown by the red line in the left panel of Figure 5 . It is seen that the model with a higher photospheric velocity matches the data more accurately than the slower model. The right panel of Figure 5 presents the ion contributions to the best-fit model.
To explore the cause of this inconsistency, we modelled the Fe II lines with different values of the σ parameter in the vicinity of 5000Å , as can be seen in Figure 6 . The orange line denotes σ = 2000 km s −1 , utilized in the model having v phot = 16000 km s −1 , which is plotted together with another model having σ = 300 km s −1 (blue line). The dashed vertical line shows the supposed wavelength of the Fe II λ5169 absorption minimum corresponding to v phot = 16000 km s −1 . It is seen that the feature assumed to be a strong Fe II λ5169 absorption line, is actually a blend of many weak features. The small humps on the blue curve correspond to these individual Fe II transitions, which become blended with each other on the orange curve when the widths of the features are broader (indicated by the higher σ parameter). It is clear that the Doppler-shifted position of the Fe II λ5169 (dashed vertical line) differs from the wavelengths of the minima of the two model spectra. It is concluded that the broad observed feature around 5000 A cannot be interpreted simply as due to Fe II λ5169, and modelling the whole spectrum is necessary to reveal the true photospheric velocity. Since the model having v phot = 21000 km s −1 describes the data better than the model with v phot = 16000 km s −1 , we adopted the former value as the photospheric velocity of the best-fit model to the +5d spectrum.
Based on the spectrum taken at ∼ 1 month after maximum, Thomas et al. (2019) reported that SN 2019neq exhibited very fast spectral evolution. This can also be seen in Fig. 7 , where the third spectrum, taken at +29d phase is plotted together with its best-fit SYN++ model. The photospheric velocity decreased from 21000 km s −1 to 12000 km s −1 , and the temperature at the photosphere diminished from 12000 K to 6000 K . In accord with the decreasing temperature, the low ionization elements began to dominate the highly excited ones. We identified the presence of O I, Na I, Mg II, Si II, and Fe II lines, as can be seen in Figure 7 (see also In Figure 8 , we compared the +29d spectrum of SN 2019neq to that of SN 2010kd taken at +85d phase (Kumar et al. 2020) . The features of the two spectra are quite similar, in spite of their different phases. SN 2010kd was a slowly evolving SLSN-I (Kumar et al. 2020) . SN 2019neq reached the same physical stage at ∼30 days as SN 2010kd at +85d phase, illustrating the fast spectral evolution of SN 2019neq (see also Thomas et al. 2020) . Note that in both spectra some nebular emission features (e.g. [O I] λλ6300,6363; [Ca II] λλ7291,7323) seem to start appearing, which suggest the dilution of the ejecta and strengthening of the NLTE conditions in the envelope. From the SYN++ model parameters listed in Tables 2 and 4, we estimated the number and mass densities of the identified ions in each spectrum, following Hatano et al. (1999) .
According to the Sobolev-approximation (e.g. Hatano et al. 1999) , the optical depth of a P Cygni feature can be expressed as
where n u and n l refer to the number densities of the particular ion at the upper and lower levels of the transition, g u and g l are the statistical weights, f is the oscillator strength, t is the rest-frame time since explosion, e and m e are the charge and the mass of an electron, and c is the speed of the light. The LTE conditions adopted by SYN++ imply that
Here, E u and E l are the energies of the upper and lower levels, and T is the excitation temperature. From Equations 1 and 2, we can calculate the optical depth as
where λ µ is the wavelength of a particular feature in µm, and t d is the number of rest-frame days from explosion. The value of n l can then be expressed as
To get the full number density of an element, we can apply the alternative form of the Boltzmann formula (Eq. 2): where N denotes the full number density of an ion in cm −3 , z(T ) is the partition function, χ = E l − E 0 is the excitation potential of the lower level (in eV), and T is the excitation temperature (in K).
From Equation 5 the total number density (N ) can be inferred as
where n l is given by Eq. 4. From the equations above, the density of each ionization state (in g cm −3 ) can be calculated as the product of the full number density and the ion mass.
In the case of SN 2019neq, the inferred n l and N values, as well as the densities for each identified ionization state can be found in Table 6 in the Appendix. The required data for these calculations can be seen in Table 5 in the Appendix, and come from the following sources: τ , T come from the SYN++ model file, while the atomic data are collected from Hatano et al. (1999) , and the NIST (National Institute of Standards and Technology) Atomic Spectra Database 1 . Note that the ion densities for O II and O III were omitted from Table 5 and 6, because the reference lines for these ions are forbidden transitions (see Table 2 in Hatano et al. 1999 ). Since SYN++ calculates the occupation numbers of the different atomic levels assuming LTE, we found that this leads to very high uncertainties in the inferred number densities when the reference lines are forbidden, probably due to the breakdown of the LTE assumption for such transitions.
We conclude that the identified ions and their number densities belonging to the first and second epochs (−4 and +5 days, respectively) are quite similar. On the contrary, the third spectrum (taken at +29 days) contains a variety of different species, thus, the calculated densities are also different. This may suggest that the inner region of the ejecta, revealed by the spectra at later epochs, is richer in heavier elements than the upper parts of the atmosphere. To explore the chemical evolution of SN 2019neq in more detail, we need to follow-up the object with further spectroscopic observations in the future.
Comparing the spectral evolution with the Slow SLSN-I SN 2010kd
In this subsection we compare the spectral evolution of the fast SLSN, SN 2019neq, to slowly evolving SLSNe. We selected SN 2010kd as a representative example for the latter. The spectroscopic modeling of SN 2010kd, computed with SYNAPPS (SYN++ coupled with an auto- mated parameter optimization routine), was published recently by Kumar et al. (2020) . Figure 9 presents plots for comparing various spectroscopic quantities. Spectra of the two SLSNe taken before or shortly after maximum light are shown in the top left panel with major features identified by the SYN++ models. It can be seen that the pre-maximum spectra are globally similar: they are dominated by a hot blue continuum with some (weak) ionized carbon and oxygen features. This remains true for the early post-maximum phases, even though the decrease of the continuum slope implies a cooling ejecta for both classes. One apparent difference between SN 2010kd and SN 2019neq is the characteristic time-scale of their spectral evolution: the +5d spectrum of SN 2019neq has similar continuum slope to that of SN 2010kd at phase +14d, again, implying that SN 2019neq is a fast evolving SLSN-I (see Section 8).
In the top right panel the evolution of the photospheric velocities are shown as a function of the restframe phase since B-band maximum in the case of SN 2010kd and ZTF g'-band maximum in the case of SN 2019neq. It is seen that the velocity of SN 2010kd is nearly constant through the observed epochs, which implies that the outer ejecta remain optically thick up to ∼ +35 rest-frame days after maximum. On the other hand, SN 2019neq shows a factor of ∼ 2 higher v phot around maximum light that quickly decreases to ∼ 12000 km s −1 (a more typical v phot value for SLSNe) by +30d phase (Thomas et al. 2020 ). This fast velocity decline is probably caused by the quick decrease of the density in the outer ejecta, which may suggest a different density profile and somewhat lower ejecta mass for SN 2019neq compared to SN 2010kd. This is consistent with the results of the mass estimates presented in Section 3.4 below.
At B-band maximum, the photospheric velocities imply photospheric radii r phot ∼ 6 · 10 15 cm for SN 2010kd and r phot ∼ 5 · 10 15 cm for SN 2019neq. The similar value of r phot is due to the fact that the larger velocity of SN 2019neq compensates the shorter rise-time from explosion to maximum light.
In the bottom panels of Figure 9 , the evolution of the optical depths of C II and Fe II are plotted. The optical depth of C II is the same order of magnitude for SN 2010kd and SN 2019neq, if present. Both objects show a swift fall off in log τ after the maximum: up to +30d phase, the log τ value of SN 2010kd decreases to ∼ −2, while C II flux is not detected in the case of SN 2019neq. This behavior is consistent with the observations of other SLSNe, where the carbon features can be found only before or around maximum, and they quickly diminish in post-maximum phases (e.g. Inserra et al. 2018; Quimby et al. 2018 ).
On the contrary, the optical depth of Fe II seems to be different for the two objects: SN 2010kd shows nearly constant values after maximum, while the Fe II optical depth of SN 2019neq rises rapidly in this phase. This is related to the strengthening of the Fe II features with decreasing temperature, as seen e.g. in the post-maximum spectra of Type SNe Ia during the "Fe II-phase" (Branch & Wheeler 2017) . The Fe II optical depth estimate for the +29d spectrum of SN 2019neq is based on only a single feature, thus it may be overestimated.
Lower limits to the ejecta mass
It is possible to give constraints on the ejecta mass from the criterion that the total optical depth (τ tot ) for the inner, opaque ejecta should be τ tot > 1 during the photospheric phase. Since τ tot ∼ κ · ρ · r phot , where r phot can be inferred from the expression of homologous expansion as r phot = v phot · (t − t 0 )/(1 + z) (where t 0 is the explosion date). Then, we estimate the density from the following formula:
The total optical depth below the photosphere around maximum, τ tot , can be inferred from the formulae of Arnett (1996) (see also Branch & Wheeler 2017) as τ tot ≈ 3c/v sc , where v sc is the scaling velocity of the homologously expanding ejecta that we approximate with v sc = v phot at maximum light. We also assume that the total opacity, κ, inside the opaque SN ejecta can be approximated by the Thompson scattering opacity of a H-poor SN envelope, κ ∼ 0.1 cm 2 g −1 .
Finally, after getting the density via Eq. 7, the total ejecta mass is estimated by assuming a constant density distribution and using the photospheric radius from the homologous expansion:
The predicted radius, ejecta mass and optical depth values of SN 2019neq and SN 2010kd at maximum light can be found in Table 3 . Table 3 shows that the predicted mass limit for the Slow SLSN-I, SN 2010kd (∼ 48 M ⊙ ) is more than a factor of 2 higher than the value belonging to the fast evolving one, SN 2019neq (∼ 23 M ⊙ ). Since these are only order of magnitude estimates, we cannot draw the conclusion that faster SLSNe possess less ejecta mass than slower SLSNe, but it would be interesting to find a correspondence to the Phillips-relation for normal SNe (Nicholl et al. 2015) . In order to test this hypothesis, examination of a larger sample of SLSNe is planned.
As a cross-check, we also compared our optical depth estimates to the inferred τ tot of a normal Type Ia SN at maximum, derived in the same way as above, using v phot = 10000 km s −1 , (t − t 0 ) / (1 + z) = 18 days, and M ej = 1.44M ⊙ . This gave τ tot = 28.42, which is roughly similar to the optical depths of the SLSNe listed in Table 3 . This suggests that the masses given in Table 3 are valid order of magnitude estimates of the true ejecta masses.
Studying the nebular spectra of SLSNe can result in another constraint on the ejecta mass, since the whole atmosphere of the SN becomes transparent by this phase, revealing the innermost layers of the object. According to Maurer & Mazzali (2010) , ∼70% of the ejecta mass of type Ibc SNe comes from oxygen. The oxygen mass of SN 2010kd was recently published by Kumar et al. (2020) as ∼ 20 M ⊙ . This is consistent with the mass derived from their bolometric light curve modeling, and can be considered as a lower limit to the entire ejecta mass. We are planning to obtain nebular spectra of SN 2019neq when it emerges from solar occulusion.
CONCLUSIONS
We present a comparative spectral analysis of the recently discovered Fast SLSN-I 2019neq with the wellobserved, Slow SLSN-I 2010kd (Kumar et al. 2020 ) by modeling their photospheric phase spectra.
The redshift-and extinction-corrected spectra of SN 2019neq at the 3 observed epochs (-4d, +5d, +29d) were modelled using the SYN++ code (Thomas et al. 2011) . The photospheric velocity in the first two spectra were roughly constant at 21000 km s −1 , then suddenly dropped to 12000 km s −1 by the epoch of the third observation (+29d), suggesting a very fast velocity evolution (Thomas et al. 2020 ). Over the same period, the photospheric temperature decreased from 15000 K to 12000 K, then to 6000 K. In the first spectrum of SN 2019neq (-4d), we identified C II, C III, O III, Si III, Si IV, Co III, and Fe II lines. An alternative model containing C II and O II instead of C III and O III was found to describe the W-shaped feature between 4000 and 5000Å as well as the previous model. This ambiguity is consistent with Hatano et al. (1999) , who demonstrated that around T ∼ 15000 K, the optical depths of the pairs of ionization states O II and O III, as well as C II and C III, are similar.
The second spectrum at +5d contains similar elements and ionisation states as the previous epoch, together with newly appearing C I lines. While a photospheric velocity of v phot = 16000 km s −1 is suggested from the apparent position of the Fe II minimum, we found that a model with v phot = 21000 km s −1 more accurately fits the observed features. We found that this wavelength region is dominated by the blending of numerous, weak Fe II lines, and that the observed feature minimum is unlikely to correspond to the line of Fe II λ5169.
The spectrum of the third epoch differs from the previous ones regarding both the ion composition and the photospheric velocity. Since the photospheric temperature decreased to 6000 K, the neutral and low-ionized elements began to dominate over the lines of the highly ionized transitions that were present in the earlier spectra. At this epoch we identified O I, Na I, Mg II, Si II and Fe II.
From the available spectra, it was possible to classify SN 2019neq by comparing its +29d phase spectrum to the +85d spectrum of the slow evolving SN 2010kd. Since the two spectra are quite similar, we concluded SN 2019neq to be a spectroscopically fast evolving SLSN-I.
Using the optical depths of the reference features for each ion from our SYN++ models, we inferred the local densities of each ion at the three observational epochs, and thereby reveal the chemical composition of the object.
The comparison of the evolution of the photospheric velocity and the optical depths of strong features (C II and Fe II in particular) of SN 2019neq with those of SN 2010kd suggests somewhat different ejecta parameters, such as the density profile and the total mass. We also estimated the total ejecta mass from the expected optical depth around maximum light (Branch & Wheeler 2017) , and found M ej ∼ 23 and ∼ 48 M ⊙ for SN 2019neq and SN 2010kd, respectively. These are consistent with the mass estimates from light curve modeling (20-40 M ⊙ ) given by Chatzopoulos et al. (2013) and Nicholl et al. (2016) , and exceed the typical SN-Ia ejecta mass by at least one order of magnitude. Furthermore, we found a possible correlation between the ejecta mass and evolution time scale of SLSNe: faster evolving SLSNe may have lower ejecta mass. Since this statement is based on a small sample of objects, testing the reliability of this hypothesis requires many more SLSNe to be modelled using similar methods to that described above.
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